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View of Golden Gate Bridge from the San Francisco Presidio

ABSTRACT

In 1994, the BayArea Chapter of the Association of Energy Engineers® organizedoalay
designcharrettefor energy-efficient redevelopment of buildings by NationalPark Service
(NPS) atthe Presidio of San Francisco. Thé&vent brought togetheengineers, researchers,
architects, government officials, and students impaaticipatory environment to apply their
experience to create guidelines for the sustainable redesign of Presidio buildings.

The venue for the charrette was a representative barracks bioickted at the Maiost of the
Presidio. Examination ofthis building allowedor the development aflesign recommendations,
both forthe building andor the remainder of the facilities. The charreftas organized into a
committeestructure consisting of: steeringyeasurement anchonitoring, modeling, building
envelope and historic preservation (architectutd{)yAC andcontrols, lighting,and presentation.
Prior to the charrettatself, the modeling and measurement/monitoring committees developed
substantial baselingatafor the other committees. An integratddsign approackvas initiated
throughinteraction between the committesisring the charrette. Later, committeereports were
cross-referenced to emphasize whole building design and systems integration.

This document draws on information developed in the charrette, comhitiedxperience gained
by the Lawrence Berkeley National Laboratory Applicatidieam insubsequenactual Presidio
design assistance fathe NPS. Synergism with historical preservation considerations is
emphasized. We hophat this document will contribute tthe sustainable development of the
Presidio and provide aamdvanced view ofacility design. The emphasis omptimization and an
interdisciplinary integrated-systems approach is applicable to the creation of sustairildbigs

in any setting.



GUIDE TO THE READER

Section 1 provides background informatifum the energy efficiencglesigncharrette andlesign
guidelines, while Sections 2 through 4 desctifee charrette and the associated monitoring and
modeling processes. These sections provide some tbe contextfor the detailed guidelines in
Sections 5 through 7. However, those interested only in the guidelines can go directly to Section 5.

The guidelines ardased on recommendations fraime charrette, ideafrom the reference
“Guidelines for Rehabilitating Buildings atthe Presidio of San FranciscdNPS 1995), and
knowledge gained bythe Lawrence Berkeley National Laboratory Applicatiomeam in
subsequenactualPresidio design assistance fhe NationalPark Service(NPS). Alink to the
NPS guidelines is provided by Appendix A, which is a summary and key to emdiigigncy
related recommendations in thdbcument. The guidelines are generally orientédward
commercialoccupancies, witlthe building studied by the charrette beingammercialspace.
However, many of the guidelines arealso applicable to residential occupancies.



1. INTRODUCTION

The Presidio of San Francisco comprises nearly 200 years of both militacyvéiad architecture
in an unsurpassed scenic setting. Located on 1,480 acres overlinekgjden Gate Bridge are
over 800 buildings, most of whichre architecturally and historicallignificant. The winding
roads andrails of thePresidio afford urban dwellers and visitors from arodinel globe an
opportunity toappreciate the beauty ttis unique coastal environment as welltlas historical
character of the structures.

The National Park Service (NPS) assumed operational authority for the Presidio in pa®dods
the Golden Gate NationdRecreationalArea. The Presidio is unique immany ways, especially
because of its close proximity to an urban environment. The NP&8ekakped a comprehensive
program toutilize this national treasure tie fullest potential. Critical to the success of this
program will be the development of adaptreeise plans whicmaintain or enhance the historical
character of the buildings and site, while accommodating modern designs and uses.

The Presidio being amilitary installation, many of thduildings were constructed &srracks.
Adaptive reuse of these barrackmsesparticular design issues foprospectiveusers. The
barracks wereypically constructedvith minimal heating, cooling, anglentilation systems pasic
lighting, and limited electrical service. In addition the rest rooms are sieglandare communal
in character. Further, the room dimensians not consistemwith current desigrstandards. For
each of thesg@roblems thereare solutions whichcan be accomplished while maintaining the
historical character of thBresidio. Perhapthe most vexingissuesare those associated with
energy use—the heating, ventilation, air-conditioning and ligthgungstions. The problems range
from the obvious, e.g.,the routing ofnew ventilation ducts in a mannethat maintains the
historical character of the structures, to the less evident, e.g., the locat@tlwnical equipment
in a manner that does not unreasonably introduce urban mechanical noises to this setting.

1.1 THE ASSOCIATION OF ENERGY ENGINEERS® DESIGN
CHARRETTE

In 1994, the Bay Area Chapter of the Association of Energy Engineers® (AEE) contacted the NPS
and offered to apply their specialized experience tdPtiesidio’s unique situationThe Chapter’s

goalwas tostimulate furthediscussion angvork toward solutions which wouldttain the NPS
objectivesfor reuse,recreation, and sustainable developmerntheatPresidio. To thiend, the

Chapter created and fostereavarking group oflocal energy,historic resource and architectural
professionals to share ideas and expertise. Participants included seasoned senior principals of both
large and small firms, researchers familiar with approaches taken with older and historic buildings
throughoutthe world, energy professionals frogovernmentahgencies, and students versed in

the latest technologies and design concepts. This group provided an invigonatiojideas and
solutions.



The designcharrettefocused orthe opportunities andonstraints of a representative barracks to
develop general guidelines to be used as a model for the remainder of the facilities. The focal point
of the charrette was Building 102 (see Figures 1-6). Constructed in 1896cated in théViain

Post area of the Presidio, the structure has been modified slightltheyears anchow contains
National Park Service offices and a visitor's center.

Figure 1. Elevation, Building 102



_ DRAFT

Building 102 - ENLISTED MENS BARRACKS WITH MESS HALL

—  Location:
™ Montgomery St.
NPS Planning Area:
Main Post
Date of Construction:
Photo Here 1895
Historic Structure:
Yes
Listed on the National Register:
No
Historic Use:
INSTITUTIONAL HOUSING
(MILITARY)
Current Use:
GOVERNMENT OFFICE
View from the Northeast July 1992
Occupancy Classification:
Hazard Level:
ORDINARY
Construction Type:
Type I
Gross Floor Areas/Ceiling His.:
Attic 11,975 gsf+ 8'-0"

Second Floor 11,975 gsf+ 12'-0"

First Floor 11,975 gsf+ 12'-0"

Basement 6,324 gsf4+ 8'-5"
Total 42,249 gsf

Building Signiﬁaancc:

SCALE 1= 200’

February 1993

This fact sheet is presented as a brief synopsis of the information currently available for this building as of 08/11/93.
For additional information pertaining to this building or its planning area, refer to the building file and the Presidio
General Managment Plan.

Building Fact Sheet

Figure 2. Building Fact Sheet for Building 102
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Figure 4. Building 102--First Floor Plan
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1.2. THE NEED FOR GUIDELINES

This documentsesthe charrette as a starting pdiat the presentation of guidelindsr energy
efficient building design. Since the charretteNPS personnel and others involved with
redevelopment of thd°residio have expressed a substantildvel of interest inusing this
information.

Jim Christensenthe Presidio Energy Manager, hawdicated that there is aopportunity for
integrating the information from the charrette report with the NPS design guides (see Appendix A,
NPS 1993, NPS 1995fombining the informatiomvith other sustainable design considerations.
Among the applicationfor sustainable desigguidelines are as a reference in defining lease
requirements, and as an illustrationtmw to go beyond standanulactice and the minimum
requirements of codes and standards.

Michael Giller, NPS ArchitecturalEngineer, ha#dicated that the documentation of the charrette
could be used as a reference for professionals working for the Park Service. He pdinatistbat
resulting guidelines caassistthe NPS in meeting the requirements of titnergy Policy Act
(EPACT) and Executive Orderl2902 (EnergyEfficiency andWater Conservation at Federal
Facilities).

1.3. IMMEDIATE SYNERGY WITH THE WORK OF THE APPLICATIONS
TEAM

At this writing, the NPS isalready benefiting fronthe charrettehroughthe Lawrence Berkeley
National Laboratory Application§eam(A-Team). Funded byhe U.S. Department oEnergy’s
Federal EnergManagemenProgram,charrette participantsom the A-Team arassisting the
NPS with surveys, design assistanaeqd design review for Presidio facilities. In particular, the
work thatwas done irconjunction withthe charrette to establisiccuratedesign conditions has
already had armpact onsome ofthe restoratiordesigns. The guidelines irthis document build

on the inspiration of the charrette with knowledge gained from actual work on Presidio buildings.

1.4. THE INTENDED IMPACT

We anticipate thathis document will contribute greatly tihe sustainable development of the
Presidio by providing an unprecedentedel of design guidance tprofessionals working on the
many projects in theark. Inaddition to being a compendium of available technolmggy high-
performance desigapproaches, this report provides aavanced view ofacility design which
emphasizes optimization insteadayer sizing, annterdisciplinary integratedystemsapproach

with interaction between the phases of design, and the quality of the resulting indoor environment.

This unique perspective will greathssistthe NationalPark Service not only in decreasing the
operationcosts andenvironmental impact, but in lowering firsbsts for energy usingystems.
Thus, available resources will be freed-up to be used in the creation of a better park.



These guidelines are orientéodward designteamsworking for progressive tenants. Such
organizations are typical of the potent@cupants at thBresidio. Anexample is th@éequest by
the TidesFoundationfacility designteamsfor advice on sustainabldesign andypical energy
systems load data for Presidio buildings.

In addition to the direct effects of its valuable information gmispectives, this report is
anticipated talso serve as a rallying poiftr sustainable desigefforts. As areferencefor top
managers and politicians; it is amample of a modetffort and a focus focommitment by all

parties involved in developmemfforts. Interactions with Presidio officialsdicate that top
managers willuse the documentvhen communicating withutility representatives, government
officials, community groups, and others, about the benefits of a sustainable design approach. This
approach includes interactions with both engygyfessionals and others nmrmally concerned

with energy services.

1.5. BEYOND THE PRESIDIO

We also hopehat the impact of the charretddd subsequent efforts go far beydhd Presidio.

This reportcan be a prototypr designguidance documenthat aresorely needed byacility
managers, project managers, architects, and owners of facilities who want the most efficient use of
their limited resources for both construction and operation.

This report willlikely be replicatedfor other venues partly becausepibvides a fresh view of
integrated climate-specifidesign. Progressive design professionals who warnrdate site-

specific systems can seek inspiration in this example. This perspective is especially needed to stem
the indiscriminate proliferation of extreme climate HVA€signs whictcan beboth wasteful and
insensitive to occupant preferenagben used irthe San Francisco Bayrea and othermild

climate locations (e.g., inoperable windows for typical office applications).

The size and scope of the redevelopment effort at the Presidio will involve a substantial fraction of
the design community in Northern California. Becausghefinterest of th&PS, this document

may be referenced by a large numbepuffessionals whavill have theopportunity to use the
advanced concepts in their other work. The potential impact of the charretteheaifitlude the
advancement of the energy service design professions as a whole.



2. THE CHARRETTE: ORGANIZATION

2.1. THE COMMITTEES

Several expert committeg@gere planned to undertakiee variousactivities anddesign disciplines
envisioned for the charrette:

* Measurement and Monitoring

*  Modeling

» Building Envelope and Historical Preservation (Architectural)
» HVAC and Controls

» Lighting

* Presentation

Chairs werddentified for each committeefollowed by the recruiting of5-15 professionals per
group withorganization according to personal interest expertise. A steeringommittee was
comprised ofthe expert committeehairs and the evewirganizers. Se@ppendix Bfor alist of
committee chairs and other significant contributors to the charrette.

2.2 THE EVENT

The charrettewas held on March 1land 12 of1994. On Friday,March 11, the various
committees and other interested parties (about 60 in all) met in front of Building 102 and took turns
touring the facility. The HVAC systems, lighting, and envelope wéserved asvell as the use

of the facility. After thetour, the AEE Chaptermet at theOfficer's Clubfor dinner, a discussion

on the findings of the measurement and modeling committees, and to hear talks by Brian O’Neill,
General Superintendent of t@»lden Gate NationdRecreationArea; and Art Rosenfeld,U.S.
Department oEnergy, Senior Advisor foEnergy Efficiency and former head of the Center for
Building Science at the Lawrence Berkeley National Laboratory (LBNL)

On SaturdayMarch 12, the actualdesigncharrettetook place at the Pacifi€sas and Electric
Energy Center. The steering committee presented an overvithe désign process withpecific
instructions foreachgroup. After this introduction, Steve Farnoth tfe Building Envelope and
Historical Preservation Committee discussed some of the issues for historical preservation.

According toMr. Farnoth,the key to thesuccess othe projectwould be in designindgnergy
Efficiency Measures (EEMs)hich do notlimit use ofthe facility in thelong run, yet would

achieve sizableeductions in energyse. He stresseithat preservation of théacility was not a

limiting constraint, but one of several elements that had to be taken into adeongthe design
process. His basic guideline was: “What is left we want to preserve, what is in bad shape we want
to restore, what is failing we want to replace in kind.”



Next, a brainstorming effort was led by Dale Sartor, Chair of the Building Envelope and Historical
PreservatiorCommittee—to start thdesign process and tdentify as many EEMs agossible.
Dozens of potential EEMsvere volunteered fronthe group ranging fromthe simple to the
extremely complex. The charrette participaaiso discussed an integrated, systems-oriented and
optimizing design approach as key to tiesign of a high performance, efficient, and sustainable
building.

Thelists of EEMs were then distributed tthe design committees. Theggoups prioritized the
measures in an effort to focus on those with the highest energy saving potential. eRougtes
of costs, savingsand payback periods werbscussed asvell as the interaction between the
measures, systems approaches, and optimization in design.

For facilities similar to Building102, the charrette committees estimated an approximate 50%
reduction in both lighting and plug load energge fromappropriatemeasures.These estimates
arebased on expert opinion about best practiceseandomic viability, not on an analysis of a
specific set of measures. Manytbe potentiaimeasures have a fast return on investmerven

an equal or lower first cost. Howevdife-cycle costs orlong-term economic§.e., 20year pay
back period) are the assumption for the overall potential estimate and for the cHacettsion in
general. Fothe HVAC system,the consensus-preferred approach discussethédyHVAC and
Controlscommitteecould avoid an addition of as much 26% tooverall energyuse from new
conventional air-conditioning, while also saving on fassts forthe renovatior(see also4.2—

The Impact of Air Conditioning and 7.3—HVAC Design).



3. THE CHARRETTE: MEASUREMENT AND MONITORING

3.1. MEASUREMENT AND MONITORING BACKGROUND

Prior tothe Design Charrette of Marct994, Building 102 was the subject of an instrumented
submeteringsurvey. The survey wasconductedusing portable computerized data-logging
equipment. The resulting information was useful toderette committee®r characterizing the
building energyend-usesand for assistance identifying energy-efficiencypportunities. Data
were gathered for about four months before and eight months after the charrette.

3.1.1.Methodology for Data Collection

The basic goal for the energy monitoring was to separate the energy use into the prinoggsend
lighting; heating,ventilating and air conditioning (HVAC); domestic hot water (DHW); and plug
load (mostly office equipment)—in order to determine areas for energy savingslatéhgathered
consisted of hourly averages for both gas and electricity.

Prior to data monitoringhe teanreviewed the building documentation (mechanarad electrical
drawings,electrical paneschedulesand equipmentiles), toured thebuilding, andinterviewed
building occupants to determine what to measure and whéweatie the datéogging equipment.
Since monitoring equipmenmtas limited, theplug load end-useas determined as the difference
between the total building use and the sum of the other monitored end-uses.

3.1.2.Monitoring Equipment

The surveyequipment consisted @ensors fotemperature andlectriccurrent,analog to digital
converters, and small laptop-style field computdrse programming is custom tailoréor each

specific logging task. The customization includes changes for the number of channels and the type
of sensor on each channel, as well as the frequency of the recorditogal &f five data-logging
computers were used gather datdrom atotal of 40 clamp-on currertransducers andine
temperature sensors.

The data were gathered periodically from the field comptiterspreadsheet analysis in a desktop
computer. Portable power atemperature metemsere used taalibrate thesensors irthe field,
with the building’s main gas meter used as a reference to normalize data.

10



3.2. MONITORING RESULTS

3.2.1 ELECTRICITY

The electricity end-use breakdown for Building 102 is shown in Figure 7. Lighting andbatlig
dominate the totaneasured usage of abdl65,000kWh peryear. Half ofthe smallheating,
ventilation and air conditioning (HVAC) usage is from electric baseboard heat for two offices, with
the remaindefrom the heating hot wat§iHHW) pumpand bathroom exhaust fafthere is no
other forced ventilation). The air conditiorfer the now-abandoned computer roomas out of
service, and the new conference room air conditioner was not yet installed.

ELECTRICITY END USES FOR BUILDING 102
NOVEMBER 1993 TO NOVEMBER 1994
(ANNUAL TOTAL: 165,000 kwh)

HVAC
3%

Plug Load
37%

Lighting
56%

Figure 7. Electricity end-use breakdown for Building 102.

The electricityusage fordomestic hot water (DHWgonsistsprimarily of electrical heat tracing
along the DHW pipinqused tokeep the water in theipes hot—there is noirculation pump or
return piping). The remainder is from a small storage-type heater thadkitchensink (the main
gas-fired water heater has no electrical input).

11



Figure 8 shows arofile of theelectric end uses over dypical week, starting at midnight on
Monday morning. The building total peak is just undek¥s of whichabout 29 kW is lighting

and 13 kW is plug load. The base load is about 20% of the peak. Saturday and Sunday peaks are
both about 40% of the weekday peak.

Electricity End Uses for Building 102
Typical Week, 1993/1994
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Figure 8. Electricity end-use profile for typical week, 1993-1994, for Building 102.
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Figure 9 illustrateshe yearly profilewith a plot of daily kWhtotals. Consistent witthe virtual
absence of air-conditioning and electric heatthgre islittle seasonal variation: Mid-week usage
ranges from about 500 to 600 kWh/day; weekend usage ranges from about 200 to 400 kWh/day.

Daily Total Electricity Use for Building 102
November 1993 to November 1994
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Figure 9. Electricity profile for one year, for Building 102.
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3.2.2. MATURAL GAS

The actual measured gas end-use breakdown is illustrated in Figure 10. Space heating used 98%
of the total 11,600 therms.

GAS END USES FOR BUILDING 102
NOVEMBER 1993 TO NOVEMBER 1994
(ANNUAL TOTAL—11,600 Therms)

DHW
2%

Space Heating
98%

Figure 10. Gas end uses, for Building 102.
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Figure 11 shows the measured gas usage over the monitoring period as a plot of datigtéerm
During the initial monitoring in November 1993, it was determined that the boiler circulation pump
had failed resulting in near zero usage. After the pumap repairedthe usage was 40-5therms

per day with little variation up to the time of the charrette in March.

Daily Total Gas Use for Building 102
November 1993 to November 1994
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Figure 11. Gas usage, daily totals, November 1993 to November 1994, Building 102.
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Figure 12 is ascatter plot of boilegas use foDecemberthrough February, as fanction of

outside air temperatureNote that theslope ofthe accompanyingegressionline is shallow,
indicating that the boileruns whenthere islittle or no heatingneeded. This would suggest high
standby losses, malfunctioning contrasd/or failedopen thermostatic valves the convectors.

At the time of the charrette, the annual usage was estimated at 16,000 therms using an extrapolation
of December through February data based on heating degree-days.

Boiler Gas Usage vs. Outside Air Temperature
Building 102 (12/9/93-2/22/94)
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Figure 12. Temperature dependence of boilerugagie, Decembethrough
February,Building 102. Note: The end points ofhe regression line (35
and 75°F) are artifacts of the graph, and are not data points.

This usageattern continued intduly when someff-time began to bebserved forthe boiler
(indicated by hours with no usage at all). Furteamination ohourly data indicateperiods of

time clock, temperaturleckout, andextended manuahutdown modes afontrol from mid-July

through October. Data from this period is presented in Figj@re Notdirectly illustrated by the

scatter plot is the larger number of zesage points at higher outsidi temperatures.Another

heating degree-dagased extrapolationsing the mid-July throughOctober datavery roughly
indicates an annual usage of 4,000 therms. See Section 4.1—Excessive Gas Use for discussion of
related modeling results.
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Boiler Gas Usage vs. Outside Air Temperature—Building 102
(July-October 1994)
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Figure 13. Temperature difference of boiler gas usage,
July through October, Building 102.

The unreferenced building information summary on file in the Presidio Pféce indicateshat

“typical historic” gas usage is 16,60erms per year with 4,000 to 1,600herm per month
seasonal range. Unverified gas metering records indintaiegas usage adpproximatelyl6,000

therms per yeaior 1990 andl991, with only moderate seasonahriation. This provides some
confirmation that the operating condition observed atithe of the charrette isot atypical. The

same recordsdicate reducedisage inthe spring of 1992 making thatyear’stotal only 12,000

therms. Partial records for 1993 indicate a return to the usage pattern of 1990-91. Building 102 at
the San Francisco Presidio houdlespark headquarters. Prior tile AEE PresidioCharrette of

March 1994, the building was the subject of an instrumented submetering survey. The survey was
conducted using portable computerized data logging equipment, the results oakehidtussed

below and were used farharacterizing the building energy emdes in order to assist in
identifying energy efficiency opportunities in the building.
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4. THE CHARRETTE: MODELING

The modeling committee collected information on bldding and its energy-using systems from
site visits andexamination of the buildinglans prior tothe charrette. This information was
combined with input fronthe Measurement and Lighting Committees to produce a model of the
building (see Figures 14-16)The modelwas created inrDOE 2.1D withthe Comply24/DOE-24
software developed by Gabel-Dodd and Associates. Becaube lihited nature of the modeling
effort, no definitive quantitative assessment of redesign feattagobtained. Howevesgveral
important issues were illuminated by the process.
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Figure 14. Schematic of existing heating system.
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Figure 15. Schematic of “baseline” (“conventional”) HVAC system.
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4.1. EXCESSIVE GAS USE

The model could not account for thegh gas energy udbat isthought to be associated with the
"run-away" boiler observed duringhe charrett¢see 3.2—Monitoring Results)Annual heating
boiler usage of about6,000thermswas projected by extrapolating the measudadafrom the
period up to the charrettsased orheatingdegree-days. Thiestimated annualsage is roughly
consistent with unconfirmed gas meter records (see 3.2—Monitoring Results).

The observed excessive level of useld only be modeledsing around-the-clockperation and
indoor temperature setpoints set much higher than is realistic (i.€)85This level of use is 2-3
three times higher than tl&e000therms per year whicthe model indicatesvould be used by a
well controlled system heating the building t& > One hypothesis about the high boges use

is that broken controls prevented heating units from being turned off during unoccupied periods or
during warm weather—with occupants modulating temperatures by opening windows.

The monitored pattern of excessiyreage continued intduly, whensome off-time began to be
observed for the boiler (indicated by hours with no usage at all). From mid-July through October,
hourly usagedata indicates thahconsistent modes of control were employed inclugixignded
manualshutdown,time clock, and outside-air lockout. Aextrapolation based otne measured

data for the mid-July through October period very roughly indicates annual heatingubader of
usage of about 4,000 therms. This is somewhatlessthe modeledsage for avell-controlled

system with an indoor setpoint of 7B.

We speculate that the partial and irregular control of the boiler resulted in control of energy use, but
relatively poor comfort. Modeled usage with a (perhaps higher than typical ifisloor setpoint

is probably slightly higher than optimally achievable energy use. So, actual usage might be further
reduced below the modeled 6,000 therm per year level.

On the otherhand, the lower usage resulting fronthe irregular boiler controlvas likely
accompanied by a reduction in comfort from lack of tkeaing unscheduled occupancy or during
marginal weatheconditions. This discomfort is iaddition to thatwhich may resultfrom the
hypotheticalbroken thermostats ardck of direct localcontrol. A potential conclusion ishat
robust controls at bottihe boiler and zone levels anecessary fooptimum comfort and energy
performance.

4.2. THE IMPACT OF AIR CONDITIONING

The model indicated that buildireectricity use might be increased b30-30% bythe installation

and operation of a forced air heating, ventilation and air conditioning system, the "conventional” or
“baseline” optiondiscussed bythe HVAC committee(see 7.3.2—Conventional Approaches).
This is primarily due tahe increased fan energy required by the conventsysiem over the
existing natural ventilation and cooling system.
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4.3. ENSITIVITY TO WEATHER DATA INPUT

The cooling energgstimateand associated design requiremeartsvery sensitive tdhe weather
data used. The weather datdially used was fronCalifornia Zone-3San Francisco Bay Area).
This is the zone in which the Presidio is officially locaté&tditional simulationsvere performed
using Zone-1data(NorthernCalifornia Coastal Area). Though erring the coolside, this data
may be closer to reality for summer in the Presidio than the Zone 3 data.

The estimated required coolifigurs forthe buildingusing Zone-3data is approximately five
times the coolindioursassociated with Zone-data(see also 7.2.2—Potential Errors Design
and Analysis). For the Presidio, an analysis of the requirement for air-conditioning redwlg
dependent on the choice of design data used.
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5. GUIDELINES: ARCHITECTURAL/ENVELOPE

The architectural committee dealt with several interrelated aspects of the building including
programming the use of the space, the building envelope, interior design, ventilation, and
landscaping. Renderings from the charrette are provided in Figures 17 through 19 as illustrations
of the process--not necessarily as definitive reccomendations. In addition, the architectural
committee took the lead in integrating historic concerns with the redesign. The goals of the
architectural group in approaching the charrette were: 1) improve energy efficiency, 2) preserve
historic integrity, 3) increase quality of the working environment (e.g., comfort), and 4) foster
informed occupant interaction with the buildings (see also “Guiding Principles of Sustainable
Design” - NPS 1993 and Appendix A).
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Figure 17. Charrette rendering of daylighting scheme.
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Figure 18. Charrette rendering of HYAC scheme.
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Figure 19. Charrette rendering of landscape scheme.

5.1. PROGRAMMING USE OF SPACE

Programming has to do with how space is used; it is the starting point for architectural design. The
architectural committee identifiedraumber of programmingssuesand opportunities during the
Charrette (see also 7.1.4—Programming of Interior Spaces).

5.1.1.Inherent Benefits of Historic Buildings

The unique character and setting of Buildik@R atthe Presidio establishes a higharketvalue.
Major invasive changes are not necessary and are counterprodudtiote energy efficiency and
market value. Some of the unique features that are inherently efficient and attractive include:

» Thermal mass

» Natural light

» User operable ventilation (e.g., windows)

» High ceilings

* Minimal building depth, proximity of desks to windows
 Careful original siting for climate

5.1.2.Building 102 Lends ltself to Obvious Zoning of Uses

Openplanning concepts are consistenth the originalfloor plan geometry as well dght and
ventilation issues. It will be most advantageous to remove and limit the number of separae
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in tenant spaces. At the same time, increasask in basemenisay provide greater comfort for
some applications during summer warm spells.

5.1.3.Managing Heat and Pollutant Sources

Careful planning can help to efficientigeet the ventilatiomnd cooling needs ahajor heat and
pollutantsources such as copiers, faxes, printesaferenceéooms,and kitchens. IrBuilding

102, installation of an elevator core will be required. This requirement might be integrated with the
provision of dedicated ventilation shafts to serve such equipment and areas.

The actual plug load in Building02 atthe time of the charretteas 0.3Watts persq. ft. during
business dayand0.1 to 0.15Watts persg. ft. duringthe night andveekends (see FigurkD).
The charrette architectural committee estimated that the ogaell)y use by plug loadsuld be
reduced by50%. In generalthe committeeecommends that the targdiversified plug load in
office areas should be 0.5 Watts per sq. ft. or less. This goal can be achieved witletioengy
office equipment and equipmepbwer management strategieésee also 7.1.2—Internal Loads
and “The Guide to Energy Efficient Office Equipment” - Smith et al 1996).

5.1.4.Task Conditioning and Lighting

Occupant comforand control over personal environmeatn be enhancethrough the use of
personal fans and task lighting. A personal dan be a reversible feature tladtows individual

control over theahermalenvironment, while helping to avottie installation of expensivdVAC
systems having ammpact on the historical character of tkpace (see als@.1.1—Indoor
Environmental Conditions). Task lighting is another reversible fe#ttatecanprovide individual
control over working conditions, while reducing the ambient lighting requirements. Reduced need
for ambient lighting can redudest costs, lesseimpact on thehistoric character, anthinimize

power requirements and energyse (see also 7.1.2—Internéloads, IESNA 1993, Eley
Associatesl1993). Interpretation of task/ambiertesigns tothe occupant is important to the
successful implementation of these strategies.

5.1.5.0ther Programming Issues and Opportunities

Several other opportunities aissuesrelated to programmingvere discussed bthe committee
(see also NPS 1995 and Appendix A).

» Unknown or short-term tenants dictate flexibility

» Consider use of the basement as a thermal sink

* Provide facilities to encourage alternative means of commuting to work
» Disabled accessibility

» Advanced telecommunications

» Water conserving equipment and practices

» Encourage low impact, historically sensitive, HVAC such as hot water-supplied baseboard
heaters
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5.2. ENVELOPE

A number of opportunities were developed relative to the architectural envelope:

5.2.1. Interior Radiation Barrier

The existing walls are masonry (low insulation/high mass). In this particular building much of the
plasterhasbeen removeaxposingthe redbrick. The lack of insulatioryields a cool radiant
surface,and thedark red colombsorbs light. Wall tapestries or movable fabric panels could be
seasonally installed ovéine walls. Such a systewould reduce radiant hebdss inthe winter,

then be removed toreate moréavorable conditiongor summercooling (fromthe standpoint of
historical character, the solution is reversible). In addition, the tapestries or panels will provide an
acoustic value, and their color could provide visual and lighting enhancements.

5.2.2.Weatherstripping

Weatherstripping can be applied to windows and doors to reduce drafts andentilation (see
also 7.1.3—Envelope Loads).

5.2.3.Building Insulation

It is difficult to add insulation to historic masonry buildings, however insulation could be added to
the wall areas already impacted by the addition of a “wainscot” uthiase. Insulation odttics
androofs isoften appropriate (see aldtPS 1995). Desirability of insulation in basements and
crawl spaces is dependent on effects on sunmgnaund coupling, withinsulation potentially
increasing coolindoad. In thisspecial case,the resulting needor first cost andoperating
expenditurefor otherwise unneededir conditioning couldoutweigh ornegate heatingeason
benefits.

5.2.4.Solar Collectors and Daylighting

Solar waterheating ancelectricity producing photovoltaicsnay sometimes be applicable to a
sustainabledesign, however historic architecturalconsiderations obviousljimit appropriate
locations. Maintenance must be considered on all retrofits, but for solar collact@ssibility is
an especially important issue.

Given the “fog belt” climate (see 7.2.3—The Extraordinary Coastal Climate), economic application
of solar energy may be relatively limited. Daylighting may be the most applicable approach to solar
design. Architectural daylighting systems already exist in many Presidio buildings which might be
economically converted to provide mdrenction. Peak use of power by tHecility will likely
correspond to peak demand on the electric utility during sunny periods in summer ameKiziy

electric lighting use avoidance through daylighting one ohtbsteconomicalsolar approaches at

this site.

5.2.5.Thermal Mass

The thermal mass is an inherent historical quality of this building. As with building orientation and
operable windows the original intent aligns with the best building performance. The optimal use of
thermalmass requirethe management of the heatisgstems tocaccountfor natural temperature
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differentials (wide deatband). Thermalmass should also be considered whkletermining the
needfor cooling systems (see alsé.1.1—Indoor EnvironmentalConditions, 7.1.2—Internal
Loads).

5.2.6.“Cool” Roofs & Walls

Envelope surfaces can be selected or coated to reduce incoming heat load in summer. This strategy
is most appropriate in commercial applications, where avoiding thefoileespensive summer air
conditioning tends to be more important than impacts on solar heating in winter.

As the appearance of many historic exterior wall amof surfaces should not be changed,
improved solar performance of these systems may depeihe aee ofspecial selective pigments
which reflect solar infrared (see alsh1l.3—Envelope Loads). Somieidden” surfaces such as
flat roofs may be candidatefor “white” solar reflective surfaces. Inother cases,the highly
functional aspects otertain historic buildingsurfaces should be preservadcluding self-
ventilating barrel tile roofs and white walls (e.g., Buildings 38 and 39 at the Presidio Main Post).

5.2.7.Window Treatment

Window treatment can reduce heaiin/loss and reduaglare. Historic glassannot be replaced,
however much othe glazing is not historiglass andcan be consideretbr replacement or
modification with selective/low E films. Visibly reflectiwgindow treatmentshould be avoided.
Storm windowsreduce healbssand drafts as well as provide acoudienefits, howevertheir
application to doubléiung windows igproblematic. Insulating curtains and blirete additional
options. Any window treatment mustatch theexisting/historicwindows asclosely aspossible,
and be sensitive to the view from the outside (see also 7.1.3—Envelope Loads).

5.3. INTERIOR SPACES

Interior designmpacts energy efficiency as well as occupant comfort pnductivity. Several
interior design recommendations were developed:
5.3.1.Color Selection

Lighten interior spaces to improve reflectivity of ambient light and decrease the contrast (perceived
glare) between the windows and the darker walls. This can be accomplished through a number of
options including:

 Paint brick wall a light color

» Return to the original plaster wall

» Hang light colored wall tapestries

* Install removable acoustical wall panels (light colored)

5.3.2.Daylighting

Renovation and improvements to lighting functionality @ssible for existingdaylighting
systems (se€.4—Automatic LightingControls and5.2.4—SolarCollectors and Daylighting).
New daylighting applicationsuch adlight shelves andight pipesmay also be feasible where
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compatible with historic preservation and architectural concerns. Daylighting goals and restoration
of historic character can be achiewbdoughremoval of thedroppedceiling and return to the
original higher plasteceiling (aesthetics othis decision will be influenced bgossibleceiling
mounted utilities).

5.3.3.Materials and Finishes

The architectural committesdso discussethe use ofinterior and building materials arfthishes
that:

* have a more benign effect on indoor air quality, e.g., low VOC paint,

» arefrom sustainableesourcese.g., domestic and tropicalvoods from certified sustainable
sources,

» have recycled, preferably post-consumer, content, and are recyclable.

5.4. BUILDING VENTILATION AND AIR CIRCULATION SYSTEMS

Building 102, like many others atthe Presidio, was designed tiake advantage of natural
ventilationthroughthe use of numerous windowand shallow buildingdepths. The following
recommendations are intended to restore and improve the attributes of the degigal (see also
7.3—HVAC Design, NPS 1995, and Appendix A):

» Maintain the use of the operable windows and transoms.

» Restore passivattic ventilationsystems andhrough-the-attic ventilatiosystems (when
compatible with pressure balance considerations).

» Locate rooms with special ventilation requirements together near the elevat(gemomso
5.1—Programming Use of Space).

» Explore the use of operable skylights to improve daylighting and (stack) ventilation.
» Encourage the use of open office planning.

» Explore the use of ceiling fans.

* Provide task (desk) fans (see also 5.1.4—Task Conditioning and Lighting).

The Presidio project office has developed basic build-out specificdtomsany of thebuildings.
Recommended ventilatiorsystems typically maximize theuse of natural ventilation while
maintaining compatibilitywith ASHRAE Standard 62 (see al§ol.1—Indoor Environmental
Conditions and 7.3.3—Consensus Preferred Approach for the Presidio).

The stratification of air temperature in the building (basement to tloicd) can besubstantial.
This temperature differential combined withe building’s significantmass (especially in the
basement) lends itself to redistribution of thefairincreased comfort and reduced energgts.

In thewinter, exces$eat in the thirdloor might be redistributed to the basement &rsl floor
level. Conversely, during warm weather, outsiiiewould be drawn througlthe basement,
cooled by the thermaink, circulatedthroughthe rest ofthe building, and exhausted through the
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third floor ceiling. Ideally this circulatiomould flow naturally in the coolingnode.Existing but
abandoned chimneys mighkerve as shafts fdhe building’s air redistributionsystem. These
recommendations require further analysis to determine feasibility in any given building.

5.5. LANDSCAPING

Landscaping can be utilized for climate control. For example, trees can be used as windbreaks, for
shading, and foevaporativecooling. Deciduous trees provide shade dittdred sun insummer

months while allowing more sunlight in the winter. Large, round-headed species phevitest

shade and reduagare infront of windows. Large street trees could be planted to replace the
existing treeghat are agin@nd/or in poothealth along Montgomer$treet. Trees could also be
planted in parking lots to shade parked cars. With the correct selectigaeechent otrees, the

shade provided can mitigate air conditioning use (as well as provide a more aesthetic environment).
The following recommendations/opportunities summarizemmittee discussion of other
landscaping issues.

» A shrub hedge should be planted in, or along, the outer edge of courtyard spetigate
wind and provide a more comfortable outdoor area. The bay view should be preserved.

» All plantingshould becompatiblewith the cultural landscape intent as determined by the
NPS and integrated with the overall landscape plans for the Presidio.

* lrrigation can be more efficient with automatic/remote control.
» Shade for courtyard uses could be augmented by movable umbrellas until tree(s) mature.
» Site amenities such as benches should be made of sustainable materials.

* Implementation of best management practices for storm wateff treatmentand ground
water recharge.
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6. GUIDELINES: LIGHTING

6.1. CONTEXT—THE UNIQUE IMPORTANCE OF LIGHTING

6.1.1. AMajor Component of Commercial Building Energy Use

Lighting system design is one dhe most critical factors in commercial building energy
performance. Itanalso be one othe most important aspects of creating a comfortable and
productive indoor environment. Interior lighting systeyscally accounfor a major fraction of
energy use andlectric demand ioffice-type facilities. Lighting can be an even more dominant
component in the mild climates characteristicnodst of California and especialthe Presidio.
During the Charrette monitoringeriod, the dominant energgnd-use for Building 102 would
likely have been lighting if itvere not forthe “run-away” heatingsystem described in Section
3.2—Monitoring Results. The Charrette Lighti@@gmmittee estimated that tiheeasured lighting
energy use could be reduced by half with measures appropriate to Building 102.

In addition to the substantial direct energguirements, lightingystemscanalso be one of the
most significant heat loads for office-typpaces. Imore severe climates, designtbé lighting

system can have a majonpact on the overattooling requirements, with substantiadplications

for HVAC system sizing, first costgnd operatingcosts. Inthe uniquelymild climate of the

Presidio, the design of the lighting system can be the critical factor in determining tHemaseyl

“active” cooling system at all (see 7.1.2—Internal Loads).

6.1.2.The Case for Total Lighting System Upgrade in Renovation

Many lighting system renovations are limited to replacement of lighting sources or modifications to
inefficient fixtures. Forcharacter defining historiixtures, limited internalmodifications are the
appropriate approach (see 6.2.3—Historic/Architect@ahsiderations). However, karge
fraction of existing fixtures at the Presidio are not historic. In thigsations fixture replacement

is encouraged by Presidio rehabilitation guidelines.

Partial upgrade strategies often miss important opportunities to achieve much greater improvements
in economy, awvell as to substantially improve lighting qualitiirough total upgrade of the

lighting system. The extremelypoor performance of many existingystems isoften not fully
recognized. In additiormaximum(worst case) lightingoower densities from energy standards

are often used as the benchmark for assessing the potential performancesyéteavg. Instead,

the target should be the much better performance achievable through best practices.

Recent advances in source and fixture performancsudastantial, withithe full benefitsavailable
only thoughtotal upgrade. Potential energysavings through improvedircuiting and switching
may only beavailablewith a completelynew system. Finallythe full benefits of dask lighting
strategy may only be achievable with a total system replacement.
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We suggest always consideritfte totalupgrade optionand taking full advantage of energy
efficiency opportunities presented when the decision to do a total overhaul is driven by non-energy
concerns. Non-energy concerns which can influence replace vs. retrofit decisions include:

* New light fixtures can be a relatively cost-effective way to increase aesthetic amenity of the
spaces.

* New equipment means reduced maintenance requirements ishtre term, and a
prolonged life expectancy for the lighting fixtures, ballasts, and lamps.

» Potentially improved electrical and seismic safety.

* New fixturescan be installed according teew spaceusesand layout with appropriate
spacing to optimize optical distribution.

6.2. LIGHTING DESIGN CRITERIA

6.2.1.General Performance Targets—Lighting Power Density

Building energy efficiency standards often establish a maximum connected lighting load per unit of
floor areafor various types of spaced.ighting power densityLPD) is generally defined as the
number of watts installed per square foot of floor area. For example, the alldR&bfer office
buildings is 1.5 W/sq. ft. according to California Title 24 Code (Complete Building Method).

It is important to note that a lightirgystem usin@vailable efficient technology casurpass the
performance required bijitle 24 by providing quality lighting at dower LPD. For example, an
efficient lighting systemcan often provide quality lightinfpr general officespaces at ahPD of

1.0 W/sq. ft. or less, while meeting typical lightileyel requirements (IESNA993). The LPD

should be used as a tool to measure the efficiency of your design, but not as an indicator of lighting
quality.

6.2.2.Providing Lighting Quality

Whether the lighting to be installed isreew system or retrofitthe issues ofquality and
effectiveness should baddressed. The goal of energy-efficient lighting is to produce task
appropriate lighting levels and ambiance at a minimum cost.

a. Light Levels

Guidelines developed by the IESNA and other groups establish appropriate lighfdewasous
tasks and applicationIhese guidelines can hesed as design criteria, withterpretation best
done in consultation with the owner/occupants of the space.

In retrofit applications, guidelines can be used to determine areas that are not only over lit, but also
those that are under lit. Given the poor performance and design of most existing Bgbtemgs

and the major advances in performafmerecenttechnologies, it is usually possible to provide
overall improvements in lighting while also achieving major overall energy cost savings.
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b. Color

Color is amajor consideration in lighting quality and occupaatisfaction. Recent technical
advances and increased availability of fluorescent 8ghtces with goodolor have substantially
improved the potential aesthetic appeal of efficient fluoredgiing. Significantly,the Energy
Policy Act prohibits the manufactu(éor use inthe U.S.) ofsome ofthe poorest color rendering
fluorescent lamps now in common use.

With respect to lightsources,the issue ofcolor involvestwo primary characteristics: color
temperature and colaendering. Colortemperaturerefers tothe spectrum of visibldight
generated by theource. Colotemperature is measured in Kel{ik). Commercial fluorescent
lamps range fron2700K (typically consideredvarm, red) to 5000K (cool, blue).Note that
common terminologyroduces amtuitively inconsistent rubrievhere higher color temperatures
are referred to as “cooleflight. Those seeking tapproximate daylight or provide high lighting
levelsfor active work tasksgenerally prefer higher color temperatures. Those tryingatzch
incandescent sources or create “hospitality” spaces select lower color temperatures.

Color rendering refers thow realistically asource renderghe surrounding colors. Color
rendering is measured by the color rendering if@RI). A higher CRIlindicates an ability to
render colors closer to a reference source with overall good color distrig0&#ir100). Current
technology offers fluorescent sources that provide a CRI of 9840 In comparison, standard
“cool white” fluorescent lamp affords a CRI of approximately 60.

6.2.3.Historic/Architectural Considerations

The reference “Guidelinefor RehabilitatingBuildings atthe Presidio of San FranciscdNPS

1995) providegletailed information on recommended practifsrehabilitation of lighting and

related systems (see also Appendix A). The guidelines encourage preserving the extensive existing
daylighting. In additionthe guidelines recommend replacement of inappropfraia-historic)

lighting fixtures with energy efficient fixtures that are compatible with the hisspaces, finishes,

and character. These “inappropriate” fixtueee oftenpoorly performing fluorescent systems
which can be replaced with less energy intensive options providing better lighting quality.

Though character-defining historic fixtures mustpbeserved, Presidibistorical architects have
already collaborated with lightindesigners tonternally rework someprominent historic lighting
fixtures to usemore efficientsourceq(i.e., high qualityfluorescent). Inefficient sourcesare not
always inherently part of the defining historic character of lighting systems Rtels&lio,and can
often be replaced with well-conceived retrofits.

Surfacefinishes, through sucfactors as color, hardneasd reflectance, can have a significant
impact on the quality of an interior environment. This effects occupant perceptionoaald The
texture of walls and other surfadeseracts with lightingsystems whictaffectboth esthetics and
lighting quality. Maintaining character-definingurface finishesan require extra attention and
some compromises with efficiency concerns.
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Windows and other transparent elements (e.g., skylights, cleres#rigisglazing) typicallyfind

favor with users because they provide connection to the owmtsidd. Windowspermit not only
views but also interior illumination. Strong natural light is often a sourcgaog, however. The
eye cannot adequately adapt to significant differences in levels of illuminetich is, typically,

the casewhen bothnatural andartificial light exist in the samenvironment. Glare and high
luminance ratios may bdistracting, disorienting and disabling, causing user discomfort and
lowering productivity.

Both existing and new daylighting features can be effectively exphaitesh formulating a design
approach. Crucial to the effectivse ofdaylighting are dedicated circuiting asditching of the
lighting in daylit areas, as well as shades and blinds to regulate glare and interior light levels.

Efficient sources and fixtureare available tgorovide accent lightingincluding uplight, wall

wash/graze, and spéghting for exhibits orarchitecturalfeatures. Fixtures which ugseetal
halide, fluorescent, and halogen infraredurcesare commonly availabldor all of these
applications including trackystems. It igmportant to note thastandards fooverall lighting
power densityalready include allowancefor these systems (se€Section 6.2.1—General
Performance Targets-Lighting Power Density).

6.2.4.Maintenance Economy as a Design Criteria—The Importance of Lamp Life

While fluorescent and high-intensity discharge (HID) lighting is generally promoted on the basis of
energy savings, its lower maintenance cost should not be overlooked. Indeed, in many cases, labor
savings resulting from amcandescent-to-fluorescent retrofit caotweigh energy savings in

dollar value. Similarly, consideringnaintenance economy asdasign criteria for complete
renovations will lead to more widespread application of efficient fluorescent and HID sources.

The reason for this ighe superiorlamp longevityfound in efficient luminaires. While most
incandescent lamps have a service riiffieging from 750 to 2500 hours (1000 hour¢his typical
life span),most fluorescent and high intensity dischafge., metal halide) lamps are generally
rated for10,000+ hours o$ervicelife. LED lamps,commonlyused inefficient illuminated exit
signs, have an ever longer life span.

Attention to lamp/fixture interactions can further increasentenanceavings bypreventinglamp
life decreasingconditionslike high lamp temperature, sub-optimémp position, or excessive
vibration. Specification andmplementation of appropriate maintenarmae lighting systemswill
decrease long-term costs and improve lighting system performance.

6.3. LIGHTING DESIGN

6.3.1.The Importance of the Design Process and Design Integration

As alreadynoted, lighting systemscan be a dominant factor in definifigpth the quality of the

interior environment and the operating efficiency of a facility. Paradoxically, lighting désem

not often have a correspondingly prominent stature in the design process. Lighting design tends to
be lost halfway betweerthe architectural andelectrical engineering design disciplines.
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Unfortunately,qualification in either of these discipline®es notcurrently guarantedraining,
knowledge, orexperience in lightingystems. Extra effort is often necessary ittsure adequate
lighting expertise on the design team.

Rehabilitated facilities are likely to include many complex electreygtemsncluding power line
carrier controlsystems,magnetic theft preventioscanners, poweconditioning systems, and
sensitive computer or other electronic equipnsgtems. Knowledge dhe characteristics of
modern lightingsystems,particularly ubiquitouselectronic ballasts and occupansgnsors, is
necessary to insureompatibility amongall building electrical and electronic equipment in an
integrated design process.

As with the other buildingystemsighting designshouldstart with careful definition of lighting
needs and constraints (see 6.2—Lighting Design Critefiag lightingdesign process should be
interactivewith the programming and layout spaces, design afther building systems, and
planning for commissioning, operation, and maintenance of the facility.

6.3.2.Interactions Between Design, Commissioning, Operations, and Maintenance

As with all other buildingsystemsachieving desigrntentfor lighting is dependent on @bust
commissioningprocess. AlsoJlong-term performance and econorfor lighting systems is
dependent on proper maintenance and operations. Ndhesefactors, withmajor influence on
lighting performance, will come about properly unless planned for in the budgeting, programming,
and design process.

Conversely, well-executedcommissioning, maintenance, and operation result in less
uncertainty about lighting performance and higher maintained lighting léwelsghout system
life. More reliableand sustained lighting levelsan be capitalized on in thaéesign process,
allowing lower “safety margins” (irparticularlower lumen depreciatiorfiactors), more optimal
designs, and overall lowered first costs.

a. Planning for Commissioning

Effective design will specify aobust commissioningrocess. The wide variety oflamp and
fixture optionsavailable today ofterresults inthe wrong equipment being delivered and/or
installed, with detrimental effects on lightingjuality, efficiency, andoccupant satisfaction.
Verification of specified equipmentshould be included as a part of a required
commissioning/construction management process. Verification of switching and ciratnticig|

to effectiveoperations, should also lm®nducted in a commissioning/constructimanagement
activity. Automatic controls require speciahttention in the construction qualitgssurance
commissioning process with commissioning activity planned well intantti@ occupancy period
of the facility.

b. Maintenance Considerations in the Design Process

Specification duringlesign, provision forandimplementation ofpropermaintenance camsure
sustained performance of lightingystems. Cleaning andgroup relamping canminimize
degradation of lightevels, allowingoptimal designs with lowefighting power density andften
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lower first costs. Benefits of appropriate cleaning dmeyond energy performance iaclude
maintenance of intended appearance and aesthetics, and extended life of equipment.

Facility personnel should also be trained to monitor installed ligletomgrols, such as photocells,
occupancy sensors, or timed systems. This equipmantneed periodic cleaning or adjustments
to sensitivity and timing controls to maintain peak performance.

c. Planning and Providing for Operations

Other designactivities that facilitateoperations carnnsure maximum occupant satisfactiomith
interior spaces. This goal should be accomplished through careful documentation ofrdesign
specification of labelindor switching, circuiting, anédvanced controls; creation aé-builts to
document the installed condition, and planning for training in operations.

6.3.3.Basic Notes on Specifying Sources and Fixtures

Many of today's fluorescent systemsan be dimmed and providaccurate colorrendition.
Fluorescent lampare getting smaller and are increasingly subjeabptical control. Electronic

ballasts are usually preferable esst premiumsare normally recouped quickly in energy cost
savings (see also 6.3.6—Prescriptive Notes on alRgwertant Technologies) Compactmetal

halide, color-corrected high pressure sodium, and halogen (especially halogen infrared) sources all
have application niches for efficient indoor lighting.

Task lightingcan often beused toimprove quality of lighting while decreasirfgst costs and
reducing overall lighting system energy use. Direct, semi-direct, and indirect lightegms are

all available to provide general illumination. The choicesygtem will be situatiospecific. For
example, the indirect system depicted in the architectural rendering of Section V is compatible with
the indirect daylighting provided by the lightshelf.

Choices will also be influenced e experience and preferences of tiesigner. Indirect

systems are preferred by some designersdudain applicationdased on lightingjuality issues.

Direct systems generally have a higher coefficient of utilization (CU), meaning a higher percentage
of the light from the source reaches the task surface. The performance of indirect systems are more
highly dependent on the reflectivity of ceiling and walls, as well as other maintenance issues.

In choosing fixtures, it ismportant to review photometry (distribution characteristics), as well as
appearance, size, and material make up in addition to the crucial CU. Interactions between fixtures
and sources are also important, especially for compact fluorescent lamps. Simple improvements in
fixture design can result in significantly improvedurce performance, as well as incredaat

life.

a. Calculations

A variety of methods aravailable to calculate the light levels (illuminande) a given space.
Simple manual methods can determine overall ambient levels in Spgides andhdicateproper
spacing ratios foreven illumination, while sophisticated computer models can analyze more
complex situations. llluminance can t&culated as an averafg a horizontal or verticaplane,
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or for aspecificpoint. llluminance levels are a function of the entitesign—fixtures, ballasts,
lamps, fixture locations—as well as the geometry and reflectance of the room surfaces.

b. Considering Group Relamping Strategies in Design

The light output of fluorescent and HID lamps declines significanilgr time, gradually losing

10% to over 20% of their original brightness before burning out. In addition, agwatidescent
sources, lamp life varies with usage patterns and faomp tolamp, producing &haoticburnout
pattern. Planned grouglamping of fixturegan take care dfurnoutreplacemenefforts in one

limited period. Thisapproach can improve overall maintenance productivity by reducing
maintenance labor for relamping “set-up” and allowing “planned” instead of “demand” activities to
dominate maintenance efforts. Savings in overall maintenance costs usually comfortably outweigh
increases in lamp costs.

Specifying grouprelamping strategies during desigan lead to ahigher quality “product”.

Because lamp outputs on average never reach the low levels that occur just before burnout, designs
canuse lowerdumen depreciatiofactors, loweringhe overall size of the requireystem. This

economy can be captured either in lower first costs or in higher quality equipment.

6.3.4.Switching/Circuiting

Adequate and well thought-out switching and circuiting ucial to minimizing energy
consumption and ttacilitating occupantise andenjoyment of interiospaces. Building energy

performance standards generally mandate multiple circuits is@age, asvell as encouraging or
mandating automatic controls (see Section 6.4—Automatic Lighting Controls).

Switching shouldyenerally facilitateoccupant choice of lighting levels and allow separate control
of areas whictaredaylit. Switching should alsallow for selectiveuse of spaces duringartial
occupancy or intermittent occupaniy cleaning and maintenance. Labelingswefitching is an

often neglected, but obvious way to facilitate occupant use of the space and energy conservation.

Providing an adequate number and intelligent layout of circuits is crudiaitiidhe conscientious
manual lighting operation by occupants and the immediate or eventual implementatidonaditic
controls as described in Section 6.4—Automatic Lighting Controls.

6.3.5.Notes on a Few Unique Applications
a. Video Display Terminals

A major lighting application irtoday’s workplace involves areas with video disptayminals

(VDTs). The special considerations for this application include the need to minimize“giaegh

or veiling reflections from lighting sources. It is also desirable to provide appropriate lighting for
both screen work and simultaneous hard-cgsks. Task lighting is ofterthe solution forthese

issues. Extensive discussion and recommended practices for VDT workplaces can be found in the
IESNA references listed in Section 6.5—Information and Design Resources for Lighting.
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b. Exit Signs

The 24-houroperation of exisigns,along with the poor performance of common incandescent
sources withrespect to current technologyan make exisignsone of themost effective and
economical retrofits in any facility. Similarfkpr renovation omew constructionspecification of
modern exit signs using long-lasting, light-emitting diode (LED), or atffesient technology is a
simple way to improve economy of facility operation and maintenance.

LED technology is available ifoth economical retrofitkits that simply screwinto existing
incandescent sockets and in new fixtures, including fixtures with new code required features. LED
and other efficient exit sign light sources reduce energy use by an order of magnitude, down to less
than ten watts per fixture.

6.3.6.Prescriptive Notes on a Few Important Technologies
a. T-8 Lamps

The technology of T-8 fluorescent lamps represents a significant improvement in lighting efficiency
while retaining or improving existing lightinguality. The rare eartiphosphorcoatings usually

used in T-8 lamps provide improved color rendering and lumen retention. Ease of reaidfdis

by the reuse of existing T-12 lamp medium bi-pin bases. Howtneglectricacharacteristics of

the T-8 lamp require the use of 265 ma$Hinp) ballasts instead of tA80 ma ballastypically
associated with existing T-12mps. Electronic ballast and T-8amp “systems” maximize
performance advantagesAdditional advantages of the Ti8mp over the standard T-12amp
include higher fixture efficiency for comparable systems due to smaller lamp diameter.

b. Electronic Ballasts

High-frequencyelectronic ballasts increase fixtuedficacy, resulting in increased efficiency and
lower operating costs. The electronic switching process used to provide high frequency AC output
invokes less power lossésanprocesses used by standaoite-and-coiballasts. These ballasts

can also eliminate “hum” and 60 Hz cycling of the light output.

Retrofit uses ofelectronic ballasts aréacilitated by flexibility in application. Depending on
fixtures, four-lamp ballasts may reduce total quantity of ballasts required. Baliasisailable in

a full range of options with respect powerinput and lightoutput. Ballast factors ranging from

0.7 to 1l.1give retrofit engineers significant options in controlliight levels andpower use.

Ballasts with a ballast factor greater tha® produce more light at a greater efficiency by
overdriving the lamp at the expense of reduced lamp life. Trade-offs are possible between numbers
of lamps/fixtures and lamp life in many applications, allowing optimization in design.

c. Compact Fluorescent Lamps

The development of the compact fluoresdantp (CFL) is asignificant event in energy-efficient
lighting technology. The average compact fluorescésainp consumes one-third to one-half the
energy of a comparable incandescent lamp, with up to ten times the lamipalifgps areavailable
with integral ballast in a singlscrew-in component, asell as with pinbases for use with a
screw-in or hard-wired ballast/base.
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The variety of shapes and wattagesilable today allow thase ofcompact fluorescent lamps in

an increased number of applications where incandescent lamapsurrentlyemployed. In
addition, systems are becoming available with dimming and improved switching capability. These
improvements have the promise of giviGgLs the ability to match incandesceand full size
fluorescent capability in many difficult applicatieasuch as with daylighting antime control
systems. Improved ballastsystems for CFLsare also improving starting characteristics and
reducing problems with harmonic distortion.

6.4. AUTOMATIC LIGHTING CONTROLS

While adequatend well-planned switching and circuitinghasic, furthereconomy in operation

can be achieved through thee ofautomatic controbystems ranging fromccupancysensors to

remote switching applications to daylighting controls. These are all complex applications requiring
special attention to commissioning and maintenance. Basic occupancy sensor systems are the most
mature of the automatic contrstrategies, with some off-the-shelf solutions beginactical and

reliable. Remote, daylighting, andmen maintenanceontrols all currently requiresystems
integration with no turn-key solutions yet available for specificati@aotomatic control of electric

lighting sources in daylit areas is especially dependent on careful design.

6.4.1.0ccupancy Controls
a. Occupancy Sensors

Occupancy sensors reduce energy use by shutting off lights when individual rooms or areas are not
occupied. The most common sensing methods are infrared and ultrasonic. kéreseddetect
movement bysensingthe difference between themissions ofheatfrom a humanbody and
background space. Ultrasorsensorsare better suited to pick up activitisach as writing and

typing. The ultrasonic sensors provide 360veragecompared to 180for the infraredsensors,
covering a larger areend detecting small movemerdser anentire classroom or office. Some
sensorgncorporate both types of technology. Consideratiwheninstalling occupancysensors

include:

 Install where spaceare typically unoccupied relative total building occupancy, such as
in conference rooms, single offices, store rooms, and restrooms.

» Match sensor mounting and detection pattern with the use of the controlled space.

* Be aware of potential false triggerddVAC ducts or otherheat sources (forinfrared
detectors) and open windows or other air movement (for ultrasonic detectors).

» Occupancysensor controlsnay not be suitable to control certain lightisgstems(e.g.,
HID lamps, preheat and instant start ballasts, selewtronicballasts,compact fluorescent
lamps; check with manufacturer).

b. Remote operations

Remote operations applications can include energy managsysésmn strategiesuch adighting
sweep. Implementation of these strategresjuires careful planning anqmtovision ofappropriate
occupant interfaces.
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6.4.2.Lighting Level Controls—Automatic Daylighting and Lumen Maintenance
Strategies

Automatic daylighting controls and lumen maintenance strategies both have the potential to provide
significant further reductions in lighting energy operatawsts. Automatic dimming ofelectric

lighting systems wheimlaylighting is availableeduces the dependence on occupantslinanate
unnecessarelectricity use, with optimized lighting levels andnaximum economy. Lumen
maintenance systems employ dimmsygtems tanaintainconstant light levels as lamps age and

dirt or wear decreasdsminaire efficiency. The excess energy use incurred ‘mew” or freshly
cleaned systems is virtually eliminated by lumen maintenance strategies.

Both automatic daylighting control and lumeraintenance require accuraensing ofight levels

on task and sophisticated control algorithnie use ofspecialized expertise ikesigning these
systems is strongly recommendedDetaileddiscussion ofthese advanced applications can be
found in the Advanced Lighting Guidelines and other references (see 6.5—Information and Design
Resources for Lighting).

6.5. INFORMATION AND DESIGN RESOURCES FORLIGHTING

The following resources are available for assisting quality lighting system design at the Presidio:

Presidio Specific Reference: Guidelindsr RehabilitatingBuildings at the Presidio of San
Francisco (NPS 1995; especially introduction and sections wmndows, interior spaces,
mechanical and electrical systems, energy efficiency, health and safety concerns; see Appendix A)

Building Specific Reference: Site Assessments compiled for individual buildingsdsydio/NPS
Architectural Project Managers

General Reference: Advanced Lighting Guidelind993 (Eley Associates 1993availablefor a
nominal cost from the California Energy Commission)

General Reference: llluminating Engineering SocietyNofth America Lighting Handbook-
Reference and Application, 8th Edition (IESNA 1993)

General Reference: IESNA Recommended Practices

Local Library: PG&E EnergyCenter Reference Library (includes collectionpobduct catalogs
and literature).

World Wide Web: inter.Light(tm) home page with product databases and other aEesiginces,
http://solstice.crest.org/efficiencyl/iris/inter.light/ (This information is provided informational
purposes only and is not intended as an endorsement.)
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7.  GUIDELINES: HVAC AND CONTROLS

7.1. HVAC DESIGN CRITERIA

7.1.1.Indoor Environmental Conditions

During the development of Guidelines for Rehabilitating Buildings at the Presidio of San Francisco
(NPS 1995),Michael Giller, NPS Architectural Engineer made thellowing comments which
give an indication of the needs of the client for design efforts at the Presidio:

“Existing building codes haveelatively narrow comfort zoneglefined. Asthe authority having
jurisdiction, the NPS needs to acknowledge the natural light, ventilatiorthemadalswing of the

buildings and define broader comfabnes. This administrative decisiowould guide design
criteria to work with existing building characteristics. The rehab guidelisbsuld discuss
whether moderatkate afternoonheat gainshould be addressed wi#tir conditioning or dan. A

mechanical engineer will opt for the AC unless directed otherwise.”

This quote indicatethat the authorityhaving jurisdiction ovethe project maychoose comfort
guidelines other than American Society of Heating, Refrigerating, and Air-Conditioning Engineers
(ASHRAE) Standard 55Thermal EnvironmentaConditions for HumarOccupancy” (ASHRAE
1992, 1995). However, in the event that ASHRAE Standard 55 is chosiemdesign basis, the

full capability of the comfort science embeddedthis standard should bexercised to provide
effective means to achieve comfort.

The following are aspects of comfort science recognized by ASH#dhdard 55-1992 which
can be utilizedor efficient and effectivegprovision ofthermal comfortand ventilation. For more
information, please see ASHRABR5-1992 (including addendum 55a-1995) argP-1989
“Ventilation for Acceptablelndoor Air Quality” (ASHRAE 1995, ASHRAE 1992, ASHRAE
1989)!

a. Operative Temperature

ASHRAE Standard 55 defines comfort in terms of operative temperature. Operative temperature is
a function of dry bulbtemperature and the temperaturesoffaces with whichthe occupant
exchanges thermal energy througkrmal radiatior{walls, ceiling,etc.). Acommon (butisky)

practice is to make the “simplifyingssumptionthat the operative temperatuegquals dry bulb
temperature. This assumption may be dbarce of some ahe “testimonials” that the ASHRAE
Standard does nadccurately define comfortableonditions. If this assumption imade in
establishing the proper dry bulb temperature range and the occupant is sitting close tonalivarm

or window, then they could actually be outside the comfort envelope.

'For official interpretations of the Standards, correcpondence can be conducted with the respective committees through
ASHRAE (ASHRAE Manager of Standards, 404/636-8400).
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Conversely, ifthe surfacesare cool(as may occurwith a largethermal mass building in a
nominally cool climate) themigher dry bulbtemperatures may be acceptabl&éhus, careful
application of the comfort science described inSkendardcan maximizebuilding performance,
both improving comfort and lowering energy use.

b. Air Movement

ASHRAE Standard 55-92 allows higher operative temperatures if air movenmovided under

certain prescribed conditions. The provisiorsofall personatlesk fangnay allowlower energy

use and the design of a less expensive HVAC system. Personal fans should be distinguished from
local thermaldistribution(LTD) or task air-conditioning (TACkystems whickcan be relatively
expensive and potentially energy intenswigh performance depending heavily cesign and
operation.

c. Selection of Design Criteria

Summer design weather data has been commonly produced for three potential levels of exceedence:
1%, 2.5%, and 5% (see 7.2—HVAQesign Data). This value the percentage dime that the

outdoor conditiongxceed the givenalues. These particular percentages &we four summer

months (June through Septembengking the exceedence equivalent to approximatelgyd2fs,

73 hours,and 146hours, respectively. ASHRAE is converting to an annbalsis forthese
percentages, capturing exceedence sometimes observed in other months.

A recent addendum to ASHRAE Standard 55 clarifies that its criteria shaletaender conditions
not exceeding design weather conditions (ASHRAE 19%98g intent ofdesign weathedata has
been to recognize the impracticality of providing an HVAC system thahegh allloads under all
conditions encountered in its lifetime. However, it is ofitempted to complwith the standard
approaching 100% dhe time. Such aonservative interpretation can bepaor allocation of
resources available to improve the working environment.

Without guidance fronthe owner/client, commoipracticehasbeen to choose lw exceedence

level, then applyarge safety margins to thprocesses and equipmenthe result is often over

sizing, with the associated higher costs and inefficiency. However, an owner such as the NPS can
specify a higher exceedence level, as well as ask for careful design in lieu of large safety margins.

For the conditions at theresidio,and elsewhere in the WestethS., this approach willaffect
more than the sizing of the equipment. It can also affect the system choice, increagotgnied
for low-energy ventilative cooling strategies and reliance on the thermal mass.

d. Ventilation

ASHRAE Standard 62-89 allows ventilation needs to be met through natural vensijstiems in
many applications, including some similar to Buildit@?. In abasic build-out design package,
the NPS Presidio Project Office has specified operable windows as the ventilation systege for
portions of Building 101(Wallace 1996). Aswith the task lighting and space conditioning
implementations discussed in Section 5.1.4, interpretation of the systémesawcupant will help
in their success.
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7.1.2.Internal Loads

Design of HVAC systems should r@eractivewith the architectural and lightingesign. Ifload
calculations indicate the need for substantial cooling equipment, then the rest of the building design
should bereexamined to determine #gystemslike lighting can beimproved. Also,load
assumptiongan be checked against similar energy-effickantdings (see 7.4.4—Buildingife-

cycle Information: Feedback to the Design Process)

a. Lighting

The lightingdesign groupdentified the potential to do retrofitgshich could reducehe lighting
load to 1 W/sq. ft. or less in normal office applications. Total lighting systplacemenbptions
could reduce lighting density to even lower levels. A total replacement of lighting, minirhzatg
loads, would allow the use of very low cost ventilative cooling in more situatibhs.economics
and interactions of all systems should be examined in making lighting decisions.

b. Plug Loads and Internal Pollutants

The Architectural Committee recommends that target plug loads in office areas be 0.5 watts per sq.
ft. or less. Accomplishment othis goalcan be facilitated by thase ofenergy-efficient office
equipment (ACEEE 1996). Major office equipment, a possible source ohbatand pollution,

can also becentralizedwith separatededicated ventilation. Thdrchitectural Committeealso
emphasized “source contrdidr indoorair quality as compatiblevith sustainable environmental
concerns. This involvesinimizing pollutantsourcesassociated with office equipment and
furnishings, reducing ventilation needs (see also 5.1.3—Managing Heat and Pollutant Sources).

7.1.3.Envelope Loads
a. Roof Reflectivity

Use of hematite (red) or chromium oxide (green) pigments could provide architeatorapigtible

roof surfaces with the high solar reflectivity (infrared) desired for summer design conditions. Note
that in “commercial’spacesheatingneeds will be primarily irthe early morninghours. The
heating penalty from reduced solar gain will thus be minimal. Tile roofs witltdmtact footprint

and allowance for circulation of air will significantly also reduce solar gain to the building.

b. Weatherization

Weatherizatiormeasures recommended the NPS (NPS 1995and discussed brchitectural
Committee include weather-stripping and other air sealing. These infiltration-control measures will
reduce heating and cooliigads, howeverinfiltration control should becoordinated with the
natural ventilation strategies proposed as the consensus-preferred HVAC alternative.

c. Fenestration

Restoration guidelines encourage consideration of reversible low-E and/or sel@ctioes films;
and even addition of insulating panes to existivigdows undercertain circumstancefNPS
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1995). Damaged glazingvhich cannot be restorathn be replaced by architecturally appropriate
designs. Interior shades or blinds can be coordinated with daylighting strategies.

The charrette participants initially perceived a restrictive situation with respibet pwssibility of
using highperformance glazing.However, the “Guidelinesfor RehabilitatingBuildings at the
Presidio of San Francisco” (NPS 1995) state the following:

“Windows admit light and air to huilding. In considering sustainability, both tbese functions

must be maximized, but in a controlledanner. Admitting natural light toall spaces,while

limiting ultraviolet radiationand excessivdieat gainthrough the use of appropriate shading
devices, is one important step. The addition of weather-stripping and regular maintenance will also
increase thermafficiency. In some individuatases,the installation of insulating olow-E

glazing orglassapplied film may be an appropriagé@ergy saving device.The Presidioclimate

should rarely require air conditioning; well-maintained, operable windows will be an important and
preferred component in creating an efficient ventilaiggtem for most buildings.Replacement
windows and components, when required, should be constructeenwifonmentally sound
materials of the highest quality.”

It appears that the guideline authors would also advocate the consideration of selective glazings and
reversible (removable) films to avoid heat gaimd the needor AC if they were aware of this
relatively new technology. The guidelines do not flatly prohibit modifications to tedows

(adding insulating panes to existing non-histogiass) whenthese modifications do not
substantially alter their appearance. Also, where the old glazing is irrepdaatdged, new high
performance glazing can be considered. Fingtgse guidelines indicate that the operable nature

of thewindows is animportant historical feature to kj@eserved. Additional excerptdrom the

NPS guidelines can be found in Appendix A.

7.1.4.Programming of Interior Spaces

The layout of Buildingl02 makes it extremely difficult to “build-out” the interigpaces in a
manner that creates core zones. The distance to an exterior wall in Buildingvit@ally always

less than 25 feet. In fact, the architectural group considers the minimal distance from any desk to a
perimeter wall (and windows) to be a desirable featuredefiwve maximum advantageom this

aspect of somePresidio buildingsthe Architectural Committee recommendgen planning
concepts and limiting the number of enclosed rooms in tenant spaces.

The “Guidelines for Rehabilitating Buildings at the Presidio of San Frandisiie® 1995)further
indicate that: “constructing newnterior walls or partitions or insertingew floorsthat intersect
windows, damaging their historic fabric on the interior and creating a negmatipact on the
windows’ appearance from the exterior” is not recommended.

The Architectural Committe@lso points outthe opportunity for small-scale, non-automated,
individual control ofheat, light, andair. Additional architectural recommendations regarding
“build-out” include: use of adjustable wallsurfaces (see als@.1.1—Indoor Environmental
Conditions for discussioconcerning radiation barriers and ASHRAE Standa®), enhanced
natural ventilationuse oflocal fans, use ofvertical (building) circulationwhen appropriate to
counter adverse stratification effects.
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7.2. HVAC DESIGN DATA

Design weather data for the Presidio and other sites is shown in Table 1.

Table 1. Design Weather Data for the Presidio and Related Sites

Oakland
San Francisco San Francisco Oakland Navy
Presidio** Airport Airport Hospital Arcata
Latitude (deg): 38 38 38 38 41
Elevation (ft): 20 8 6 500 218
Winter Design Data/Heating (December through February
99% DB* (° F): 38 35 34 29 31
97.5% DB ¢ F): 40 38 36 32 33
Prevailing Wind: W S E NW E
Mean Speed (knots): 5 5 5 5 5
Annual Degree-Days: 3080 3042 2909 2962 5029
Summer Design Data/Air Conditioning (June through Septemibier
1% DB/MCWB*/WB* (° F): 74/63/64 82/64/65 85/64/66 92/66/68  68/60/62
2.5% DB/MCWB/WB ( F): 71/62/62 77/63/64 80/63/64 88/65/67  65/59/60
5% DB/MCWB/WB € F): 69/61/61 73/62/62 75/62/63 84/64/66  63/58/59
Mean Daily Range°(F): 12 23 24 30 15
Prevailing Wind: W NW VWINW NW NW
Summer Criteria Data/Air Conditioning
DB hrs > 93 F: 0 2 5 29 0
DB hrs > 80° F: 12 63 92 360 3
WB hrs > 73° F: 0 0 0 0 0
WB hrs > 67° F: 8 13 14 129 1

(*): DB = Dry Bulb Temperature;
MCWB = Mean Coincident Wet Bulb Temperature;
WB = Wet Bulb Temperature

(**): These are the only known desidata associatedith the Presidio. The referencdists
the same datbor several sites arountthe Golden Gate: Fort Baker, Fort Barry, the
Presidio,Letterman ArmyHospital,and FortMason. The data isconsistent withthat
for other coastal sites (see also ASHRAE 1982).

(***):  ASHRAE’s new annual basis for design data reflects exceedence that can be observed in
other months (ASHRAE 1997). Such data is not currently available for the Presidio.

Source Facility Design and Planning: Engineering Weatbata (Air Force, Army,and Navy
1978)
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7.2.1.Designing in the San Francisco Bay Area: Climate Variability

Other Bay Area sites in Table 2 are listed to illustrate the importance of careful seleclesigof
criteria when working inthe San Francisco Bayrea or California. The Bay Area has been
described as having the largest temperatanges across given geographical distance of any
location in theworld. While thedifferences between the bay and inland areas are uswrdéy,
this is also true arounithe Bay. This variationcan beseen inthe large indicated difference in
summer design temperatures between the Presidio and the Oakland Veterans HoYpitai: tH&r
typical 2.5% design condition.

7.2.2.Potential Errors in Design and Analysis

Even aroundSan Franciscothe temperature differences awiking. As an examplghe San
Francisco airport temperature B-6varmer than indicateidr the Presidio undethe 2.5% design
condition. In the ASHRAE 1993 Fundamentals Handbook (ASHRAE3), the Presidiodata in

Tables 1 and 2 are presentattierthe listing“San Francisco Co” (implyinglowntown). This

could be a source of error in design for downtown San Francisco or the South of Market areas. In
these locations the actual temperatures can be expected to be higtier thaRresidio, perhaps
approaching those for the airport in some locations.

The Arcata data ipresented tdacilitate discussion othe proper source for hourlyweatherdata.
Thoughthe Presidioofficially falls into climatezone CTZ 3(Oakland), use ofhe much warmer

CTZ 3 weather tapefor analysis ofthe Presidiowill produce significanterrors. The CTZ 1
(Arcata) weather tapes, though certainly erring on the cool side, may actually be closer to reality for
the summer at thBresidio. A synthesis afatafor thetwo zonesmay be more appropriate for
energy analysis.

7.2.3.The Extraordinary Coastal Climate

Though anyone living or working along the northern California Coast is awdhe ofiuch talked

about “air conditioning” built into the climate, theniqueness of thiglimate isworth some

discussion. Examination of data in the aboveference, as well athe ASHRAE Fundamentals
Handbook, reveals the exceptional nature of the climate. These references providealadign

hundreds of locations throughout the United States, North America, and the world.

The summerdesign temperatures dhe Northern California coastline are extraordinarilpw,
falling into the free cooling or ventilative cooling ran@e., outdoor design temperatures several
degrees lower than comfortable space temperatures per ASHRAE St&%d8g&). These
conditions arefound all the way downthe Northern California coast tdPt. Arguello south of
Vandenburg Air Forcease. This includes Sant&ruz, Pt. Surand Monterey with some of the
more southern locations beingven cooler than thBresidio. The root source of thesspecial
conditions is the cold ocean current flowing down the coastline.

With the exception of the northern California coastline, us cooling conditions are nédund
near sea level and at low latitudes in the ligtath. Similar orlower design temperaturesay be
found only at much higher latitudes, in mid-latitudes in a marine-dominat@a
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(England/Scotland/Ireland, Nova Scotia/Newfoundland, New Zealand), or at high altitudes (Quito,
Ecuador or Bogota, Columbia).

A sustainablefacility in this climate would take advantage of theseiique conditions, using
ventilation as the sole cooling source in many applicatidfentilation would also be used to the
greatest exterpossible in other applications, with othavailable free coolingources used for
higher heat loads and more difficult design situations.

7.2.4.Implications for Design

The cool summer design conditions allew cost (both first cost andperating costyentilative
cooling strategies to be widely applie@he opportunity afforded by this uniqugimate can be
maximized byusing currently available techniques minimize solar andinternalloads. Also,
many of thePresidio buildingshave highthermalmass and g@redominance of exterior zones
(where virtually all of the floor area is proximate to the building perimeter). With twesktions,
a centraldesign goalkhould be use ofentilative cooling as theole cooling sourcexcept in
situations of extraordinarily high internal loads (core conference rooms and process loads).

In high loadsituations,the uniqueclimate again offers low cost-freecooling options including
evaporative chilling (water-side economizer) aicect (no compressiorcycle) ground source
cooling. It should also be noted that the presence of an air-side economizer allowing 100% outside
air operation could allowown-sizing of aractive ACsystem. This idecause the return air (at

78°F or more and with added moisture from occupants) will be warmer and wetter than outside air
under design conditions.

7.2.5.Specific Recommendations
a. Natural Ventilation and Cooling

See Sections 5.4—BuildingVentilaton and Air Circulation Systems, 7.1.1—Indoor
Environmental Conditions, 7.3.3—Consensus Preferred Approach, and Appendix A.

b. Forced Ventilation and Cooling

If the interior design of the building dictates forced ventilafmnsome areaghere appears to be
ampleopportunity to runvertical ducting tdoring air up to the areas ineed. The Architectural
Committee recommended that occupancies that refqueed ventilation andooms with special
mechanicatequirementshould beocated on thecourtyard side othe building tofacilitate the
location of vertical ductvork. Pending seismic evaluatiothe abandoned chimneys are also
worthy of investigationfor location of vertical ductuns (see also 5.4—Buildingentilation and
Air Circulation Systems).

c. Mechanical Cooling

It should beemphasized thatompressor-based and other energy intensive coshoglld be
avoided and that other alternatives exist. Primary irdibeussion athe charrettevasthe use of
indirect/direct evaporative coolirfgr ventilation air. Other optionsinclude indirect evaporative
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systems (including multi-stage), water-side economizers (evaporative chillingjiracidyround-
source cooling (without refrigeration cycle).

In some caseghe loads, special energy serviceeeds,and other constraintgnay dictate
compressor-based or other energy-intensive cooling systems. In thisheaglkethora obptions
can be considereavith an eye toward modularity (stagedystems) and highesgfficiency
equipment. Optimized designs,careful attention talesign assumptions, antegratedsystems
approach, and proper sizing are critical to the performanseaatt systems (see also 7.1—HVAC
Design Criteria and 7.3—HVAC Design).

7.3. HVAC DESIGN

7.3.1.Comfort With Ventilative Cooling

A general approach to thmechanicablesigncan befound inthe Guidelinedor EnergyEfficient
Commercial Leasing Practices prepared by Bresident's Commission oiEnvironmental
Quality/Alliance toSave Energy (ASE and PCEI92). Inthis referencemechanicalsystems
recommendations include determining if and how much heating wilebded. Fothe Presidio,
this approach should be extended to cooling.

Fromthe weather data in tharevious sectior{7.2—HVAC Design Data,Table 1),
cooling design conditions are summarized in Table 2. It should be thateddditional
hours of exceedence are encountered in other months (e.g. October).

Table 2.
Presidio of San Francisco Summer Design Conditions
Exceedence Level Dry Bulb / Mean Coincident Wet Bulb / Wet Bulb

Percent Hours of Exceedence °F
(4 month (June through Septembar)
basis)

1 29 74 /63 /64

2.5 73 71/62/62

5 146 69/61/61

If ASHRAE standardsare used ascomfort criteriaand typical assumptionanade about office
activities in the occupied spaces, then the upper summer operative temgerandary would be
approximately 28C (79F) at 50% RH or slightly higher with occupant controllablenaivement.
With outdoor design temperatures lower thianget spaceemperatures, there is substantial
capability for ventilation air to take up the heat load.
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In addition, the high thermalmass ofthe building will have the ability tanitigate heat load
(Abrams 1986). This effect will manifest itself intwo somewhatinteractive ways. First, a
substantial portion oheatloads can beabsorbed bythe thermalmass. Secondgomfort is
dependent on operative temperature (a functiodrpfoulb andtemperatures of interior envelope
surfaces). Heavgool walls will mean thatdry bulb temperatures corresponding ttee design
operative temperature will be higher than the operative temperatures. This situation can allow more
heat load to be absorbed by the ventilation air.

7.3.2.Conventional Approaches

Many mechanicalengineersbelieve that inoperablevindows and a forced airsystem with
mechanical or alternate coolisgurcesuniversally applied tall building spaces, is always the
best way to insure compliance with comfort and ventilation requireméfish of thediscussion

by theHVAC and Controls€Committee covered th@rguments for andgainst this approach with
some of the engineers expressing sentif@ntising such @onventionalsystem. However, the
group consensus was that the design process should start with a consideration of apparaches
compatible with the climate and the sustainable development goals of the facility.

7.3.3.Consensus-Preferred Approach for the Presidio

The consensus-preferred approach was the applicatieentfative cooling concept®r asmuch
of the building agpossible. The desirability and feasibility ofhis approach is reinforced by
recommendations fronthe Rehabilitation GuidelinegNPS 1995), GuidingPrincipals of
Sustainable Desig(NPS 1993),and theArchitectural Committeg¢see also: 5.1—Programming
Use of Space, 5.4—Buildinyentilation and Air Circulation Systems, Appendix A). All
recommendations indicate that natural ventilation coalipjons should beemphasized where
appropriate anthat build-out/programming guidelineshould discouragthe creation of interior
zones which wouldequire more energy-intensive coolisghemes. In particularehabilitation
guidelines stronglyndicate that the operableindows bemaintained and access to twendows
not be decreased by the addition of interior walls.

In addition, the costs of energy-intensiveonventionalsystems is very higltompared to the
ventilative cooling approaches. Expenditure of these funds would need to be justified against other
potentialuses ofthe funds toincrease the overall amenity of tspaces and productivity of the
occupants (see also 7.3.5 - The Importance of an Integrated Design Approach).

The preferred approactvould be toutilize natural ventilationcooling, including operable
windows, to theextent that ideasible. NaturaVentilation is allowed by ASHRAEtandard 62-

1989. Provision of dedicated exhaust ventilatiegstem for higHoad equipment, along with
careful planning of high occupancy areas like conference rooms, can maximize the situations where
this approach isvorkable. Asmentioned in Sectioi.1.1—Interior EnvironmentalConditions,

the NPS Presidio Project Office has used this approactatonize theuse ofoperablewindows

for ventilation in a basic build-out design package for Building 101 (Wallace 1996).
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7.3.4.Fall-back Approaches

The next alternative to be considered isuke of forcedrentilationfor interior zones and higher
heat loadareas. Thisstrategy includes dedicated cooling/ventilatfon unavoidable highoad
equipment.

The use of active cooling sources is the least desirable alternative, to be used where Vet high
loads are unavoidablgor when failuresoccur elsewhere in the integrate#sign process).
Alternative sources, such as water-side economizers, should be given strong consideration for this
approach.

For systems with compression-basedtbrer energy intensive coolirgpurces economizers are

very important. In this unique climate, the economizer mode is the design or most likely condition.
Outside air temperature and enthalpy are virtuagilyays belowthat of return airfrom occupied
spaces. Where activecooling isnecessarygooling of 100% outsideair is usuallyappropriate.
Economizers would modulate to provide temperature cowneh cooling requirements atew.
Theywould limit outside air taminimum ventilation level$or heating, toimplement awarm-up

mode, or forthe infrequentrans-design summer conditiofeconomizer dampesystemsequire
regular maintenance for relialfienctionality. Alternatives includenultiple modeapproacheske
two-speed fans or dedicated ventilation/cooling systems.

7.3.5.The Importance of Integrated Design

Because exceskeatloads can trigger the needor expensiveactive cooling and/or forced
ventilation systems, it is important to revisit design decisions in other areas (lighting, architectural,
programming) to determine if higher performance in these systems can reduce tha ©eeting

and lower overaltosts. Consideration of these interactiongy@od practice inany situation and
crucial in thePresidioclimate, where it is oftepossible toeliminate the needbr active cooling
entirely—with major associated cost savings.

“Back-of-the-envelope” cost estimates developedheyHVAC and ControlsCommittee indicate

that the cost of theonsensus-preferred approachHW@AC renovation inBuilding 102 would be
between$100,000and $200,000. This includes full renovation dhe existing heatingystems,
mechanical ventilation for half of the floor area (a conservative assumptiomptamel ventilation

for the remaining floor area. For comparison purposes, the cost of refitting the entire building with
a forced air system and air conditioning was estimated at $360,000.

7.3.6.The Importance of Commissioning

Most buildings do nowork as designed. For example, Bailding 102the Measurement and
Monitoring Committee initiallyfound the HVAC Controls to be dysfunctional (se&2—
Monitoring Results). Commissioning of HVAC and other building systems essential part of

the rebuildingprocess. It helps to insuithat design intent is achieved, andhat building
performance is maximizedAlso, the building and itsystemscan be protecteiom damage or
excessive maintenance requirements by approgratenissioning. Substantial resources should

be devoted to the commissionipgocess irthe budgetingor the rehabilitation Commissioning

should be fully integrated with the design and operations phases of the building life-cycle. Several
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guidelines for the commissioning process exist including those produced by ASHRAE (ASHRAE
1996) the BonnevillePower Administration/U.SDOE (PECI 1992),and the Florida Design
Initiative (PECI 1996).

7.4. HVAC/T EMPERATURE CONTROLS

Applicable controls will be determined, to a large extent, by the tenant asystieens. Attention

should be given to operator needs, facilitating the monitoring of system statusagndzing the
convenience for managers in tailoring operations to actual occupancies and services. Capability for
remote monitoring and operation blildings will be valuable in maintaining persistence of
performance. The HVAC and ControlsCommittee is that a complegnergy monitoring and
control system (EMCS) be given special consideration in the initial building(s) to be developed. In
addition to setting a preceddor facility-wide systems, it ishoughtthat monitored performance

data can be used for on-going design requirement refinement.

7.4.1.Basic Control Requirements
a. Time Clock Control

Simple “smarttime clock” control can provide thenost significantsavings by assuringhat
appropriate energy-usirgystemsare turned on andff based on simple occupancgchedules.
Such systems should lpgegrated withstatus indicators anchanualcontrols to allow operators
maximum convenience in adjusting schedules. The minimum configuration should include:

» Seven-day-a-week schedules

» Holiday schedules by date

» Easy method of override to facilitate special schedules
» Battery backup

b. Zone Control

Effective zone controls can both improve comfort and reduce energy use. For hot water convector
systems like those in Building02, these cartonsist ofeither integrated self-contained valve and
thermostat units; or low-voltage two-position thermostats with valves at appropriate radiators or
zone feeders.

The importance ofobust high-quality control equipment cannot be over emphasfaedhis
application. Observation of tHauildings atthe Presidioindicated largenumbers ofwindows

opened for cooling while the hot water radiators were still active. Cemsbe largely attributed to

the fact that many of the convectors have broken controls and cannot be turned off, even in warmer
weather. Operable and reliable heating controls, combined with occupant education, will go far in
alleviating this situation.

Somecharrette participantsuggestedhat overuse ofthe operablevindows duringheating be
addressed bynterlocking thewindows with the heatingcontrols. This would consist of a
magnetic or mechanical switch with a contact that opens whemitigd®w is opened.Whenused
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in conjunction with low-voltage zondermostatsthe heating could be automaticatlyrned off
when the windows are opened. Howeverthis strategy appears to contradibe intent of
ASHRAE 62- 1989 regardinghe availabilityand use ofoperablewindows for ventilation (see
7.1.1—Indoor Environmental Conditions and.3.3—Consensudreferred Approackfor the
Presidio). ASHRAE 62-1989 has not been interpreted for this implementation.

c. Heating Source Control

With a hot water boiler as the heating source, several control strategies can be empohex/¢o
higher efficiencies. Théwo mostbasic strategies and) to place the boileundertime clock

control so that it does not turn on when the building is not occupied, or is not about to be occupied,
and (2) an outsidair lockout thatocks outthe boilerwhenthe outside air temperature is high
enough that there is minimal heat loss through the exterior walls, floors, or ceilings.

When there is an actual need for heating, lesstescan be minimized byarying thetemperature
of the hot water proportional to thead. Asthe load isreduced, controlsan reduce theupply
temperature. This achieveso beneficialresults. Thefirst is that thelosses fronthe hot water
piping will be reduced as the temperature of the water ipifhes is reduced.The second ighat
the zone controls will operate with a much higher degree of accuracy as the temperatiweed.
This will limit the problem of control overshoot duridighter loads. The simplestform of hot
water reset control to apply is thuse of outsideair temperature as the resetriable. As the
outside air temperature decreases, the hot water temperature is increased.

A more sophisticated option for boiler reset would be to obtain feedback from the zone thermostats
as to the heating load in the space and use that signal to control the hot water temperature.

Boiler reset controllers amvailable that incorporateoth time clock andoutdoor reset functions

and logging of historiclata including: ambient atemperature, heatingupply water temperature,
return water temperature, desirsdpply temperatureboiler run time, and room temperature.
These data can b#ownloaded to a laptop computer or accessednbglem if aphoneline is
installed in the boiler room. Such data can be very useful in trouble-shooting boiler problems or in
fine-tuning the controllersettings. Boiler run-time information als@rovides a means toidge
savings.

d. Special Notes on Heat Pumps

One special consideration in application bkat pumps atthe Presidio isthe demand-side
management (DSM) contract provision regarding fuel-switéhingonverting a spadbat isgas-
heated space to an electric heat pump system can prevent realiz&disi piyments for energy-
efficient upgrades in the course of rehabilitation.

Another site-specific consideration in thee ofheatpumps isthe extraordinarilyhigh winter
design temperatures (s&€2—HVAC Design Data). The wintedesign temperaturegre very
close to the normal cut-ofor heatpump defrost cycles (4B). The common specification of

>The DSM contract between the NPS and the local utility (PG&E) provides for payments to the NPS for measured
energy savings over a ten-year period (Sartor et al 1996).
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supplementanelectric resistance heatrips isoften primarily for provision of continuouseat
during defrost cycles.The needor supplementarglectricresistance heatinghould becarefully
scrutinized in this location.

7.4.2.Special Notes on Commissioning

While robust commissioning effortare importantor all building systems,they are especially
critical for controls. Resources allocated for commissioning contnfllikely go farthertoward
providing occupant satisfaction amdaintaining thebuildings thanwould resourceslevoted to
oversized or rarely needesi/stems. The high gas use in Building 102 (see Sections 3—
Measurement and Monitoring and 4—Modeling) is an indicator sysgem “running out of
control.”

7.4.3.Remote Operations, Monitoring and Tracking

The capabilityfor remoteoperation, monitoring and lortgrm tracking, useful for mosbuilding
systems, i®ften crucial in obtaining thbest performance frolHVAC systems. The ability to
remotely control and program HVAC systems to accomodate periodic and changing patterns of use
is of great convenience to operatipgrsonnel. Effective controls can extend their ability to
manage a facility and its energge. In additionthe availability of medium téong term historic
datausually leads to improved operating strategies andabiiéy to maintainconsistent high
performance obystems. The options foraccomplishing this range frotacal systems described
abovefor boilers, tosite-wide supervisorgontrol anddata acquisitiorsystems. The latter are

often called energy management and contgystems (EMCS) in buildings wherthey are
sometimes integrated with other “building automation” functions.

7.4.4.Building Lifecycle Information: Feedback to the Design Process

An energy management and control system with capability for performance evaluation and tracking
can provide information to thbudgeting, programming, and design processréapvation of
subsequent buildings. Such a “closing-of-the-loop’tten buildinglifecycle can be invaluable in
achieving the design and resource optimization discussed in other sections.
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APPENDIX A.

KEY TO ENERGY EFFICIENCY RECOMMENDATIONS IN

“GUIDELINES FOR REHABILITATING BUILDINGS AT THE
PRESIDIO OF SAN FRANCISCO” (NPS 1995)
with some references to “Guiding Principles of Sustainable Design” (NPS 1993)

1) EMPLOYING APPROPRIATE DESIGN PROFESSIONALS

Seminal Recommendation

p 159

“A thorough understanding of both preservation and sustainable design will inform the design
solution.”

Supplementary Recommendation(s)
p 138, 161

2) RESPECTING ORIGINAL DESIGN INTENT

Seminal Recommendation

p 172

“Identify and evaluate existing historic features to assess their inherent energy conserving potential
prior to retrofitting historic buildings to make them more energy-efficient. Some character-defining
features of a historic building or site--such as cupolas, shutters, transoms, skylights, sunrooms,
porches, and plantings--may also play a major energy conserving role. If retrofitting is necessary,
it needs to be carried out with particular care to ensure that the buildings historic character is
preserved in the process of rehabilitation.”

Supplementary Recommendation(s)
p 161, 170, 176

3) PROGRAMMING (AVOIDING NEW ADDITIONS)

Seminal Recommendation

p1l71

“In addition to both passive and active measures that can be introduced into building design to
reduce energy consumption, another important aspect of energy conservation is that older buildings
already embody energy conservation value. New construction can only require more energy
because of the need for new building materials and associated transportation. All demolition and
alteration consumes energy--this energy consumption is further exacerbated when the existing
work being demolished or altered is well built of durable, permanent, natural materials. When new
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products are necessary, durable locally produced, natural and recycled materials will usually prove
more energy efficient than low-quality, imported or manufactured materials.”

Supplementary Recommendation(s)
p 122, 123, 125, 159

4) PROGRAMMING (MATCHING USES TO SPACES)

Seminal Recommendation

p 159

“Carefully match the proposed building program to the existing building so the need for additional
light, ventilation, or heating is minimized.”

Supplementary Recommendation(s)
p 159, 162, 166

5) MAINTENANCE (IN THE DESIGN PROCESS: PLANNING FOR AND
ASSUMPTION OF)

Seminal Recommendation

p 159

“Perform routine maintenance, such as cyclical cleaning of filters to assure the optimal efficiency as
well as longevity of a system.”

Supplementary Recommendation(s)
p 162(2), 174

6) WINDOWS (& SKYLIGHTS INCLUDING: DAYLIGHTING AND
OPERABLE WINDOWS FOR NATURAL VENTILATION)

Seminal Recommendation

p 100

“Windows admit light and air to a building. In considering sustainability, both of these functions
must be maximized, but in a controlled manner. Admitting natural light to all spaces, while
limiting ultraviolet radiation and excessive heat gain through the use of appropriate shading
devices, is one important step. Weather stripping and regular maintenance will also increase
thermal efficiency. In some cases, the installation of insulating or low-E glazing or glass-applied
film may be an appropriate energy saving device. The Presidio’s climate rarely requires air
conditioning; well-maintained, operable windows will be an important and preferred component in
creating an efficient ventilating system for most buildings. Replacement windows and
components, when required, should be constructed of environmentally sound materials of the
highest quality.”

Supplementary Recommendation(s)
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operable windows & ventilation: p 94 (figure) 99, 102(2), 103, 105, 159, 163, 164(2), 170, 173,
174 (4), 175, 176

shading: p 74 (figure), p 104 (2), 107, 109, 173(3), 175, 176 (figure), misc. figures

glazing: p 101, 102, 103, 109(2), 176, 207, 209, 210

daylighting: p 87, 89, 99(2), 103, 105, 144, 145(2), 146, 147, 154, 159, 164, 170(2), 172(2),
173(2), 174(2), 176, 177 (figure), 210, misc. figures

7) LIGHTING

Seminal Recommendation
p 177 (see also figures)
“Reduce the large amount of energy expended for lighting by:
« using daylight wherever possible;
- using fluorescent instead of incandescent figures;
« using appropriate lighting for tasks combined with a lower level of ambient lighting;
« implementing controls to limit lighting use, such as occupant activated light[ing].”

Supplementary Recommendation(s)
p 26(2), 158, 159, 164, 204, 214, misc. figures, (NPS Guiding Principles.... 1993, p 14, p 72-
73)

8) EQUIPMENT (PLUG LOADS)

Seminal Recommendation

p 177

“Reduce a building’s electrical load with a careful selection of energy-efficient equipment,
computers, and appliances.”

Supplementary Recommendation(s)
p 153

9) LIMITED NEED FOR AIR CONDITIONING

Seminal Recommendation

p 159

“Since most Presidio buildings were originally designed to take advantage of natural light and
ventilation, there should be little need for air conditioning if windows are operable and adequate
ventilation is provided.”

Supplementary Recommendation(s)

p 100, 166, 170, (NPS Guiding Principles.... 1993, p 60-62, p 72)

improving thermal performance/solar control of building: p 3, 74 (figure), 89, 94, 102, 107, 109,
112, 113, 159, 162, 163(2), 167, 170, 171, 172(2), 173(2), 174, 175(2), 176(3), 215, misc.
figures, (NPS Guiding Principles.... 1993, p 60-62)
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10) CONTROLS (& ZONING)

Seminal Recommendation

p 175

“Provide zoning and operational controls for all systems; regularly assess the system’s
performance and level of energy use.”

Supplementary Recommendation(s)
p 159, 177, 216, (NPS Guiding Principles.... 1993, p 14, p 73)

11) EDUCATION FOR OCCUPANTS

Seminal Recommendation

p 171

“Energy conservation goals for the Presidio include..... to promote energy awareness among both
occupants and visitors, through signs, educational programs, incentives, etc.”

Supplementary Recommendation(s)
p 172, (NPS Guiding Principles.... 1993, p 14, p 72)
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APPENDIX B.
CHARRETTE COMMITTEE CHAIRS

STEERING COMMITTEE
Co-chairs: Tom Riley and Ann McCormick

Measurement and Monitoring Committee
Chair: Tai Voong (with Steve Greenberg)
Modeling Committee
Chair: Jim Waltz (with Dennis Kincy)
Building Envelope and Historical Preservation (Architectural) Committee
Chair: Dale Sartor
HVAC and Controls Committee
Chair: Frank Mayhew
Lighting Committee
Chair: Scott Wentworth
Presentation Committee
Chair: Rich McClure

The steering, measurement and monitoring, and modeling committees began their work prior to the
charrette, preparing information for the use by the other participants. After the event, some of the
other charrette participants also contributed to the documentation of the proceedings, the creation of
the guidelines and the preparation of this report:

Karl Brown (Design Integration, HYAC and Controls, Presentation)
Doug Lockhart (HVAC and Controls)

Doug Chamberlin (Presentation)

Brain Hines (HVAC and Controls)
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